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A novel d ry  coal feeding concept has been developed for injecting 
ground coal into high-pressure gasifiers.  Significant power savings a r e  
projected because the coal i s  injected directly with a r a m  and there i s  no 
requirement for  pumping large volumes of gas o r  fluid against pressure .  
A novel feature of the concept i s  that a new sea l  zone i s  formed between 
the ram and &njection tube each cycle. The seal  zone comprises a mixture 
of a sm,ll quantity of finely ground coal and a fluid. To demonstrate the 
feasibility of the concept, coal was injected into a 1000-psi ckamber witk 
a n  experimental device having a 7-1 / 2-inch-diameter ram and a ZM -inch- 
long stroke.  
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BACKGROUND 
The development of a dependable system f o r  feeding dry c o a l  i n t o  
vesse l s  opera t ing  a t  pressures  up t o  1200 p s i g  is a key element i n  t h e  
development of t he  second-generation g a s i f i c a t i o n  processes.  A c r i t i c a l  
problem confront ing any approach f o r  dry-coal feeding is excessive wear and 
abrasion. I n  most systems, v i r t u a l l y  no abrasion can be  t o l e r a t e d  because 
of the  r e s u l t i n g  gas leakage, which is  e spec i a l l y  c r i t i c a l  a t  the  pressures  
contemplated f o r  t he se  second-generation g a s i f i c a t i o n  processes.  
B a t t e l l e  i n i t i a t e d  a program whose ob j ec t ives  were t o  conceive and 
develop a system f o r  dry-coal feeding t h a t  would avoid o r  minimize wear and 
abrasion and t h a t  could be used t o  feed coa l  i n t o  ves se l s  opera t ing  a t  pres- 
su re s  of 1000 ps ig  o r  higher.  Af t e r  eva lua t ion  of numerous approaches on a 
small s c a l e  (3.5-inch-diameter tube) , t h e  concept descr ibed i n  t h i s  paper was 
developed. ** 
* Paper prepared f o r  p resen ta t ion  t o  t h e  Conference on Coal Feeding Systems, 
sponsored by t h e  U.S. Energy Research and Development Administration (ERDA), 
a t  J e t  Propulsion Laboratory, Ca l i fo rn i a  I n s t i t u t e  of Technology, Pasadena, 
Ca l i fo rn i a ,  on June 21-23, 1977. 
** Two U.S. paten t  appl ica t ions  on the  concept have been allowed and a r e  





THE BATTELLE CONCEPT 
A new concept of i n j e c t i n g  dry coa l  was conceived and inves t iga ted  
by B a t t e l l e  under t he  i n t e r n a l l y  funded B a t t e l l e  Energy Program. The concept 
I 
involves f i l l i n g  an i n l e t  tube with coa l  and pushing the charge of coa l  i n t o  
a pressurized g a s i f i e r  s torage  chamber with a ram. A s e a l  plug between the  
8 
ram and tube is formed f o r  each i n j e c t i o n  cyc le  by a mixture of graded f i n e  
coa l  and a f l u i d ,  e.g., o i l .  The s e a l  plug may be pre-formed ou t s ide  the  
i n j e c t i o n  tube and placed wi th in  the  tube a f t e r  a charge of bulk c o a l  has  been i 
loaded. The s e a l  plug accounts f o r  l e s s  than 0.5 percent of t he  t o t a l  coa l  , . 
volume charged i n  each i n j e c t i o n  and the quant i ty  of f l u i d  used t o  form the 
plug is l e s s  than 0.05 percent of t he  t o t a l  volume of coal .  
The idea  of  sea led  p is ton  feeding of coa l  is not  new and has been 
proposed many times before.  However, i t  w a s  not  considered f eas ib l e  because 
problems of wear and abrasion i n  such p i s ton  feeders  become evident  long before 
any p r a c t i c a l  operat ing times a r e  accumulated. Wear and abrasion r e s u l t  from 
t h e  abrasiveness  of the coa l  and the  force required t o  push t h e  coa l  aga ins t  
t he  high-pressure d i f f e r e n t i a l .  The high-pressure d i f f e r e n t i a l  causes high 
leak  r a t e s  t o  develop where s e a l i n g  sur faces  a r e  abraded. 
The B a t t e l l e  concept minimizes wear and abrasion, while st i l l  main- 
t a in ing  s e a l i n g  e f fec t iveness ,  by providing a loca l ized  s e a l  l a y e r  of a coal- 
f l u i d  mixture. During the  exploratory phase of t h i s  work, i t  was found t h a t  
adding a small  amount of  f l u i d  t o  a t h i n  l a y e r  of a p a r t i c u l a t e  coa l  charge i n  
a feed tube r e su l t ed  i n  s eve ra l  very important advantages: 
I (1) Pressure leakage is prevented. 
(2) The compression required t o  prevent leakage with 
wetted coa l  is l e s s  than t h a t  required with 
unwetted coal.  
(3) The t h i n  l aye r  of wetted coal  a c t s  a s  a very effec- 
t i v e  s e a l i n g  p is ton  t h a t  is movable at f a r  lower 
pressures  than are required f o r  t h e  movemnt of 
unwetted coal.  The p i s ton  moving the  coa l  does not 
do any sea l ing  when opera t ing  with t h e  t h i n  wetted 
l a y e r  of coal. 
(4) Wear on the  tube v a l l  i;. grea t ly  reduced because the  
f l u i d  i n  the wetted l aye r  of coal  a c t s  as a lubr icant  
and coal  does not need t c  be nearly a s  coatpressed 
(which contr ibutes t o  wear) as when operat ing without 
a s e a l  zone. For example, 1-inch chunks of coal  were 
fed between the  s e a l  zones. 
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5 Wear tha t  occurs does not r e s u l t  i n  leakage because 
the  wetted coal  and f l u i d  contained therein flow i n t o  
surf  ace i r r e g u l a r i t i e s  and thus prevent leakage. 
On the bas i s  of  preliminary estimates, i t  is believed tha t  t h i s  coal- 
feeding concept would allow a reduction i n  i n s t a l l e d  c a p i t a l  cos t s  and a l s o  
savings i n  power when compared t o  e i t h e r  lock-hopper o r  s l u r r y  feeders. 
Ba t t e l l e ' s  experimental work has established the f e a s i b i l i t y  of  t h i s  
concept. We believe tha t  i t  is s u f f i c i e n t l y  prcmising t o  warrant fur ther  
development . 
EXPERIMENTAL PROGRAM 
The primary objec t ive  of the  experimental program was t o  demonstrate 
the  f e a s i b i l i t y  of the  Ba t t e l l e  dry-coal feeding concept. A secondary objec- 
t i v e  was t o  assess  the app l i cab i l i ty  of the concept t o  a couunercially s ized  
gas i f ica t ion  system. 
The experimental work was undertaken t o  inves t iga te  the  influence of 
the  following variables on the  s e a l  time and force required to  push the coal 
through the in jec t ion  tube: 
(1) Compaction pressure 
(2) Viscosity of the  sea l ing  f l u i d  
(3) Coal-to-fluid r a t i o s  i n  the  s e a l  zone 
(4) Seal zone coal mesh s i z e s  
5 Operating gas pressure levels .  
Experimental Equipment 
I n i t i a l  experiments u t i l i z i n g  2-inch-ID and 3-112-inch-ID i n j e c t i o n  
tubes  e s t a b l i s h e d  t h e  f e a s i b i l i t y  of  forming a c o a l - f l u i d  moving s e a l  a g a i n s t  
1000 p s i g  o f  g a s  p r e s s u r e  f o r  a time s u f f i c i e n t  t o  r e load  t h e  tube.  Addi t iona l  
l a r g e r  s c a l e  exper iments  were then performed on a s i n g l e - c y c l e  b a s i s  t o  analyze  
t h e  e f f e c t s  o f  scale-up on t h e  format ion of  t h e  s e a l  p lugs .  I n  t h i s  scale-up 
phase, a p p a r a t u s  w i t h  a 7-112-inch-ID i n j e c t i o n  tube  equipped w i t h  a g a t e  
mechanism was f a b r i c a t e d .  
A v e s s e l  des igned t o  a c c e p t  a 36-lb charge  o f  c o a l  from t h e  feed  tube 
w h i l e  p r e s s u r i z e d  t o  a maximum 1000 p s i g  was provided.  A removable end p l a t e  
was i n s t a l l e d  on one end of  t h e  v e s s e l  t o  a l low removal of  t h e  c o a l  a f t e r  each 
i n j e c t i o n  cyc le .  A s l i d i n g  g a t e  assembly was provided i n  t h e  p r e s s u r e  v e s s e l  
t o  c l o s e  o f f  t h e  bottom o f  t h e  feed tube d u r i n g  t h e  charg ing  and compaction 
s t e p s  o f  t h e  c o a l  i n j e c t i o n  c y c l e .  The g a t e  was moved t o  i ts  p o s i t i o n  under 
t h e  i n j e c t i o n  tube by t h e  a c t i o n  of  a s l i d i n g  wedge on which i t  r e s t e d .  The 
wedge was a c t u a t e d  by a h y d r a u l i c  c y l i n d e r  mounted on t h e  o u t s i d e  o .  t h e  pres-  
s u r e  v e s s e l .  Th i s  exper imenta l  a p p a r a t u s  is shown diagrammatical ly  i n  Figure  1. 
A ram w i t h  0.01-inch r a d i a l  c l e a r a n c e  was used t o  compact t h e  c o a l  used i n  t h e  
i n j e c t i o n  tube  and t o  push t h e  c o a l  charge  i n t o  t h e  p r e s s u r e  v e s s e l .  
Experimental  Procedures  
The feed ing  c y c l e  is  shown i n  Figure  2. I n  t h e  f i r s t  s t e p ,  t h e  ram 
is withdrawn and t h e  i n j e c t i o n  tube is  f i l l e d  w i t h  b u l k  c o a l .  I n  t h e  second 
s t e p ,  a new s e a l  zone i n  a c a r r i e r  r i n g  is placed above t h e  bulk  c o a l .  I n  t h e  
t h i r d  s t e p ,  t h e  ram advances t o  compact t h e  c o a l .  T h i s  compaction of  t h e  new 
s e a l  zone forms t h e  s e a l  between t h e  ram and tube .  F i n a l l y ,  i n  t h e  f o u r t h  s t e p  
(1) t h e  g a t e  is opened, (2) t h e  ram i n j e c t s  t h e  lower s e a l  zone and bu lk  c o a l ,  
and (3) t h e  g a t e  is c losed .  The s e a l  zone remaining i n  t h e  end o f  t h e  tube and 
backed up by t h e  ram prov ides  t h e  necessa ry  s e a l i n g  a q a i n s t  p r e s s u r e  u n t i l  
c l o s i n g  of  t h e  g a t e .  
Average s e a l  t ime of  a l l  exper iments  was approximate ly  40 seconds 
a g a i n s t  1000 ps ig ,  which is more than 10  seconds  above the  maximum expected 
p r e s s u r e  exposure t ime of an o p e r a t i n g  s y s t  
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FIGURE 2 .  COAL FEED CYCLE 
Compaction p r e s s u r e s  of 2000 p s i g  were requ i red  t o  form s e a l  r i n g s  
which averaged 36 seconds of s c a l  time. Adequate packing of t h e  f i n e  c o a l  
p a r t i c l e s  occ - r s  a t  t h i s  p r e s s u r e .  Higher p r e s s u r e s  tend to  d i s t o r t  and c rush  
the  c o a l  and i n c r e a s e  the  i n j e c t i o n  f o r c e s .  
A 50-weight n o t o r  o i l  and a  4 '-ssu-viscosity crude o i l  were used i n  
the  c o a l  p a s t e  of the  s e a l  r i n g  t o  determine t h e  i n f l u e n c e  of v i s c o s i t v  on 
the  s e a l  time. The h i g h e r  v i s c o s i t y  o i l  produced s e a l  t imes t h a t  averaged 
approximately 20 seconds longer  than  s e a l s  produced by crude o i l .  However, 
the  crude o i l  produced s e a l s  t h a t  avc ~ g e d  27  secqnds,  which would provide  a 
s e a l  f o r  t h e  l e n g t h  of t ime requ i red  i n  t h e  proposed f u l l - s c a l e  system. 
The use of va r ious  c o a l l f l u i d  mixtures  f o r  t h e  s e a l  r i n g s  was inves- 
t i g a t e d .  I t  was found t h a t  an average i m p r o v e ~ e n t  i n  s e a l  t ime gf 12 seconds 
was obta ined  when us ing 200-nesh and 20-mesh c o a l  i 2  equa l  p a r t s  r a t h e r  than 
200-mesh c o a l  a lone.  T h i s  s u g g e s t s  a  b e t t e r  packing a b i l i t y ,  and consequent ly  
fewer vo ids ,  when us ing a well-graded mixture  of c o a l  r a t h e r  than a  mixture  o f  
uniform s i z e .  A d r i e r  p a s t e  mixture  a l s o  improved t h e  performance o f  the  c o a l  
s e a l  by reducing t h e  e x t r u s i o n  o f  t h e  s e a l  r i n g  around the  ram. 
Experiments were performed t o  o b t a i n  d a t a  concerning t h e  feed ing  of 
lump c o a l ,  and t h e  e f f e c t  of d i f f e r e n t  v a r i e t i e s  of c o a l  on forming t h e  s c a l .  
I l l i n o i s  Montour No. 4 c o a l  i n  t h e  s i z e  range of  1-inch t o  114 . inch diameter  
and North Dakota l i g n i t e  i n  lumps up t o  3 inches  i n  d iameter  were run a t  a  
compaction p r e s s u r e  of 2000 p s i g .  Both lump-coal f e e l h g  exper iments  used seal  
r i n g s  made from t h e  same c o a l  v a r i e t y  a s  t h e  c o a l  b e i n g  fed .  No d i f f e r e n c e s  
i n  t h e  performance of  t h e s e  s e a l  r i n g s  could be  d e t e c t e d .  
Experiments were performed t o  a s s e s s  t ; ~ e  e f f e c t  of o p e r a t i n g  p r e s s u r e  
on s e a l  t imes.  The o p e r a t i n g  p r e s s u r e  i n  t h e  r e c e i v e r  was i n c r e a s e d  from 500 
t o  1000 ps ig .  Th i s  r e s u l t e d  i n  an inc reasn  i n  average s e a l  t ime from 3 3  seconds 
t o  44 seconds and is a t t r i b u t e d  t o  t h e  inc reased  r a J i a l  p r e s s u r e  e x e r t e d  by the  
s e a l  r i n g  a t  the  h i g h c r  r e c e i v e r  p r e s s u r e .  
Experimental Findings  
From t h e s e  experiments,  w e  have concluded t h a t  
(1) The bu lk  c o a l  be ing  i n j e c t e d  can range i n  s i z e  from 
200-mesh t o  3-inch lumps (maximum s i z e  i n v e s t i g a t e d ) .  
With t h e  2-inch lump c o a l  a moderate amount o f  c rush ing  
occurred (8-112 p e r c e n t  pass ing  118-inch mesh). 
(2)  The type of c o a l  (bituminous and l i g n i t e )  comprising 
t h e  s e a l  r i n g  h a s  no apparent  e f f e c t  on forming t h e  
seal. 
(3) The concept i s  s u i t e d  f o r  h igh-pressure  systems of up t o  
1000 p s i g  and p o s s i b l y  h igher .  
(4) S e a l  p lugs  could  be  formed s e p a r a t e l y  and t r a n s f e r r e d  
i n t o  t h e  i n j e c t i o n  tube a f t e r  i t  has  been f i l l e d  wi th  
coa l .  
(5) A f t e r  f eed ing  t o  a p ressur ized  r e s e r v o i r ,  t h e  compacted 
bu lk  c o a l  can b e  e a s i l y  r e s t o r e d  t o  i t s  o r i g i n a l  coudi- 
t i o n  by minimal a g i t a t i o n  (such a s  from a mixing-type 
mechanism, screw f e e d e r ,  o r  even g r a v i t y  f a l l ) .  
I n  sulmnary, B a t t e l l e ' s  experimentaL work h a s  e s t a b l i s h e d  t h e  f e a s i -  
b i l i t y  o f  forming a renewable s e a l  of c o a l  and f l u i d  between a ram and a tube 
f o r  i n j e c t i n g  c o a l  i n t o  a h igh-pressure  chamber. Also,  i t  has  i n d i c a t e d  t h a t  
t h i s  concept h a s  p o t e n t i a l  a p p l i c a t i o n  i n  l a r g e  s c a l e  g a s i f i c a t i o n  systems. 
COMMERCIAL CONCEPT FOR DRY FEEDING 
OF COAL INTO A GASIFIER 
- 
S e v e r a l  combinations o f  i n j e c t i o n  tube diameter ,  ram s t r o k e ,  and 
c y c l e  time can b e  used t o  achieve a:> 80-ton-per-hour feed  r a t e  f o r  a f u l l -  
s c a l e  system. Engineer ing judgments of t r a d e u f f s  have l e d  t o  c o n s i d e r a t i o n  
i.5. 
of a system u t i l i z i n g  two 24-inch-diameter by 10-foot-long i n j e c t i o n  tubes  
The f u l l - s c a l e  f eed ing  appara tus  w i l l  i n j e c t  c o a l  i n t o  a  p r e s s u r i z e d  
s t o r a g e  r e s e r v o i r  u n i t  t h a t  would be remote from t h e  g a s i f i e r  u n i t .  Thus, 
appears  t h a t  the  coal - feeding u n i t  can be operaced a t  ambient t empera tu re .  
Also, i t  i s  assumed t h a t  a  s a t i s f a c t o r y  s e a l  could b e  ob ta ined  i n  a  coal-:esding 
appara tus  wi th  a l a r g e  diameter  i n j e c t i o n  tube because  b e t t e r  s e a l  performance, 
was exper ienced w i t h  t h e  7-112-inch-ID i n j e c t i o n  tube as  compared wi th  t h e  s e a l s  
ob ta ined  w i t h  t h e  3-112-inch-ID tube.  
The main f u n c t i o n e l  components of  t h e  coa l - feed ing  sys tem a r e :  
(1) A p r e s s  u n i t  t o  compact t h e  c o a l  and i n j e c t  i t  i n t o  a  
r e c e i v i n g  chamber having a  p r e s s u r e  of 1000 p i g .  The 
ram and its c y l l n d e r  a r e  mounted on a  c a r r i a g e  s o  thac  
t h e  ram can be  u  ?d t o  i n j e c t  c o a l  a l t e r n a t e l y  through 
two i n j e c t i o n  tubes .  
(2 )  A p a i r  of i n j e c t i o n  tubes  each equipped w i t h  a  g a t e  t o  
c l o s e  t h e  bottom end of t h e  tube  a g a i n s t  t h e  1000 p s i g  
gas p r e s s u r e  i n  t h e  r e c e i v i n g  chamber. 
(3)  A p a i r  of  r e c e i v i n g  chambers t o  r e c e i v e  t h e  c o a l  charge  
i n j e c t e d  by t h e  ram. 
( 4 )  A screw conveyor t o  empty t h e  r e c e i v i n g  chambers o f  t h e  
c o a l  charges .  
(5) Two b u l k  coal - loading systems t o  f i l i  t h e  i n j e c t i o n  
t u b e s  w i t h  c o a l  charges .  
(6) A seal-r ing-assembly s y s t e n  t o  f o m  t h e  s e a l  r i n g  and 
convey i t  t o  t h e  i n l e t s  of t h e  i n j e c t i o n  tuL-c .  
Figure  3 shows a  s i d e  and f r o n t  view o f  t h e  p r e s s  f eed ing  u n i t  des ign 
which h a s  a  h e i g h t  of  33 f e e t .  l'he u n i t  i s  approximate ly  1 2  f e e t  square  and 
extends  , - 10  f e e t  below ground l e v e l .  The p r e s s  des ign  shown is  based on 
a  laminated *.ssembly o f  s t e e l  p l a t z s .  The t o t a l  veip,ht  of  t h e  p r e s s  and c t h e r  
components is es t ima ted  t o  be 250 tons .  A s p e c i a l  f e a t u r e  of t h e  p r e s s  is t h e  
hydrau l i c  c y l i n d e r  which is mounted on a  c a r r i a g e .  The c a r r i a g e  moves t h e  
c y l i n d e r  w i t h  ram and bulk-coal-loading dev ices  a l t e r n a t e l y  over  t h e  two i 2 j e c -  
t i c n  tubes  s o  t h a t  w h i l e  t h e  c o a l  is be ing  i n j e c t e d  i n  one tube ,  the  o t h e r  tube  
i s  being loaded.  The movable ram a l s o  provides  t h e  c l e a r a n c e  above t h e  t u b e  
f o r  t h e  load ing  of t h e  c o a l  i n :  0 t h e  tube by t h e  load ing  u n i t .  
FIGURE 3. CONCEPT FOR AN 80 TON/HOUR COAL FEEDER 
The g a t e  des ign shown is based on t h e  des ign used i n  the  exper imenta l  
appara tus  and shows one method of accomplishing t h e  requ i red  g a t i n g  func t ion  
between t h e  i n j e c t i o n  tube and t h e  r e c e i v i n g  chamber. The g a t e  is  rbpened by 
withdrawing t h e  l ~ w e r  wedge element p a r t i a l l y  from under t h e  upper g a t e  element 
s o  t h a t  i t  i s  moved downward and ou t  of con tac t  wi th  t h e  e l a s t o m e r i c  s e a l .  
Continued movement of t h e  lower wedge c a r r i .  t h e  upper element away s o  t h a t  
t h e  tube i s  Eul ly  open t o  the  r e c e i v i n g  chamber. A s  t h e  g a t e  opens,  t h e  top 
s u r f a c e  is  swept c l e a n  by r o t a t i n g  brushes .  The d e b r i s  from t h i s  c l e a n i n g  
a c t i o n  is  picked up by a  smal l  screw t o  convey t h e  c o a l  p a r t i c l e s  back i n t o  
t h e  r e c e i v i n g  chamber. 
Because of  t h e  a b r a s i v e  a c t i o n  of t h e  c o a l ,  a  hard  w e a r - r e s i s t a n t  
s u r f a c e  may be needed on the  i n t e r i o r  w a l l  o f  t h e  i n j e c t i o n  tube.  A hardened 
s t e e l  (R 42 )  tube  was used i n  t h e  exper imenta l  appara tus .  A s u r f a c e  f i n i s h  
C 
of about 4 t o  7 microinches is  recommended t o  reduce t h e  f o r z e  r e q u i r e d  t o  
push the  c o a l  f r o 9  t h e  tube.  
RECOblMENDATIONS FOR DEVELOPMEN'I 
Two a d d i t i o n a l  program phases a r e  env i s ioned  t o  advance t h e  dry-coal- 
f eed  concept from i t s  presen t  exper imenta l  posi  t i o n  t o  o p e r a t i o n  on a g a s i f  i c a -  
t i o n  p i l o t  '.ant: 
Phase I1 - Continuous Operat ion,  Systems Ana lys i s ,  and 
Experimental  Confirmation of Design Parameters 
Phase 111 - Feeder System Design, C o n s t r u c t i o t ,  and 
ope ratio,^ a t  a  S p e c i f i c  P i l o t  P l a n t .  
The b a s i c  t a s k  f o r  t h e  proposed Phase I1 e f f o r t  would be  t o  conver t  
t h e  p r e s e n t  s ing le -cyc le  c o a l  f eeder  t o  cont inuous  o p e r a t i o n  w i t h  a  des ign  feed 
r a t e  between 1 and 2 tons  of c o a l  pe r  hour.  
Complementary t a s k s  would inc lude :  
Addi t iona l  experimental. work on forming s e a l s .  Fur the r  
r educ t ion  i n  compaction p r e s s u r e s  and use of f l u i d s  
o t h e r  than o i l  would be  d i r e c t e d  toward o b t a i n i n g  d a t a  
f o r  lower ing o p e r a t i n g  c o s t s  of t h e  system. 
Laboratory s t u d i e s  o f  wear on system components t o  
provide some means of assess ing  the  maintenance 
requirements f o r  an opera t ing  system. 
Evaluation of mechanical processing of  t h e  coa l  a f t e r  
i n j e c t i o n  s o  t h a t  i t  is s u i t a b l e  f o r  feeding i n t o  a 
g a s i f i e r .  
Adaptaticn of t h e  experimental feeder  (or  design of a 
scaled-up feeder) f o r  f u r t h e r  evaluat ion of t he  coa l  
feeding concept at a s p e c i f i c  p i l o t  p l an t .  
The Phase 111 e f f o r t  would be d e t a i l e d  s e l e c t i o n  o f  a p i l o t  p lan t .  
Operations under Phase 111 would use t he  da t a  from Phase I1 t o  design and 
cons t ruc t  a feeder system in tegra ted  with an e x i s t i n g  g a s i f i c a t i o n  p i l o t  p lan t .  
Operation of tho feeder  system should extend over  a per iod s u f f i c i e n t  t o  gain 
experience and permit a thorough eva lua t ion  of t h e  concept. 
